Recent technical advances combined with novel computational approaches promised the 27 acceleration of our understanding of the tree of life. However, when it comes to hyperdiverse 28 and poorly known groups of invertebrates, studies are still scarce. As published phylogenies 29 will be rarely challenged by future taxonomists, careful attention must be paid to potential 30 analytical bias. We present the first molecular phylogenetic hypothesis for the family 31
remove abnormally long branches in individual gene trees (e.g. due to misalignment). The 9 per-species mode was used and preliminary analyses together with gene tree visualization 199 showed that the optimal value of b (the percentage of tree diameter increasing from which a 200 species should be removed) was 20. Indeed, as reported on TreeShrink tutorial, lower value of 201 b led to the removal of species even when they were not on particularly long branches. All 202 other parameters were set to default values. Once outliers were removed, UCEs were re-203 aligned with MAFFT-linsi and alignments were cleaned using seqtools. TreeShrink was used 204 a second time to clean gene trees from long branches that might have been missed due to the 205 presence of extra-long branches in the original gene trees. The per-species mode was used 206 with b set to 20 but only the longest outliers were removed (k was set to 1). All other 207 parameters were set to default values. Once outliers were removed, UCEs were re-aligned 208 with MAFFT-linsi and alignments were cleaned using seqtools. 209
The final data set was analyzed using supermatrix and coalescent-based summary methods. (Wickham 2016) ). Possible effects of missing data or gap content were 260 evaluated by testing whether these variables were phylogenetically clustered on any of the 261 conflicting topology. Tests were conducted using the K statistic (Blomberg et al. 2003) with 262 the R package Phytools 0.6-00 (Revell 2012) . The null expectation of K under no 263 phylogenetic signal was generated by randomly shuffling the tips of the phylogeny 1000 264
times. 265
We also used Gene Genealogy Interrogation (GGI) to compute the relative support of the 266 UCEs for each competing topology following Arcila et al. (2017) . RAxML was used to infer 267 trees from UCEs using each of the three competing topologies ( Figure 1 ) as multi-furcating 268 constraints (the structure of the backbone was fixed, but taxa within clades were free to move 269 around). Thus, three constrained trees were inferred from each UCE. Per-site log likelihood 270 scores for all constrained trees were calculated with RAxML and used to perform AU tests 271 
UCE data set 316
The final data set included 151 taxa (Table S1) . No cross-contaminations were detected. In 317 the first round, TreeShrink detected outlier long branches in 155 gene trees. Between 1 to 12 318 samples were flagged and removed per gene tree (average = 2 samples; Table S2 ). In the 319 second round, TreeShrink detected outlier long branches in 28 gene trees. The final matrix 320 (70% complete) included 538 UCEs and taxa were represented by 19 to 528 UCEs (median 321 478, Table S1 ). Eight taxa had more than 80% missing UCEs. The alignment contained taxa (that can either result from the alignment of full length UCEs or capture of partial UCEs) 325 ranged from to 2.2 to 37.0% (median 13.3%). 326 327 Phylogenetic inference from the UCE data set 328
PartitionFinder2 used in combination with the SWSC method split the data set into 890 329 partitions. ML (Figures S1-S2, Appendix S3), ASTRAL ( Figure S3 ) and ASTRID ( Figure S4 ) 330 trees were globally well resolved. The normalized quartet score of the ASTRAL tree was 331 0.91, which indicates a high degree of congruence between the species-tree and the input gene 332 trees. Regardless of the method used, Chalcididae was always recovered as monophyletic 333 with strong support. Of the six recognized subfamilies, only Chalcidinae was not 334 monophyletic. With the exception of Hybothoracini and Haltichellini that were recovered as 335 polyphyletic, all tribes were monophyletic with high support values. Of the 29 non-monotypic 336 genera in the data set only 16 were recovered monophyletic. 337 Shallow and intermediate relationships were similar among analytical methods. About 10 338 unsupported topological conflicts were highlighted. Most of the time, conflicts involved taxa 339 with a high level of missing UCEs (> 70%). Highly supported conflicts were observed in the 340 deepest nodes of the phylogeny. While four moderately to highly supported clades were 341 inferred by ML (Figure 1 , topology A), Chalcididae clustered into two highly supported 342 clades in the ASTRAL tree (Haltichellinae versus all other Chalcididae; Figure 1 , topology B) 343 and three poorly to highly supported clades were inferred by ASTRID ( Figure 1 , topology C). 344
Notably, these conflicts were still observed when nodes with BP < 50 were collapsed in 345 individual gene trees prior to species tree inference by ASTRAL ( Figure S3 ; normalized 346 quartet score = 0.98). For brevity, we will hereafter refer to the Brachymeriini + Dirhininae + 347 Epitraninae + Phasgonophorini + Smicromorphinae clade (Figure 1) as the "BDEPS" clade.
Exploration of topological conflicts 350
Analysis of bootstrap ML trees showed that topology A was recovered in ca 80% of the 351 replicates and topology C was recovered in the remaining 20%. Topology B was recovered 352 when ML trees were mid-point rooted ( Figure S1C ). Visualization of individual UCE trees 353 revealed that ingroups were monophyletic in only 51 of the 538 trees (i.e 9.48%, Appendix 354 S3). Interestingly, when the set of input trees for the ASTRAL analysis was reduced to these 355 51 trees, ASTRAL inferred topology C ( Figure 3C ). Neither missing data nor gap content 356 appeared phylogenetically clustered on the ML, ASTRAL or ASTRID topologies (p-values > 357 0.05). The optimal number of clusters of loci as estimated by the gap statistics on the matrix 358 of geodesic distances among individual gene trees was 1 ( Figure S5 ) and the GGI approach 359 showed that none of the topology was significantly preferred over the other (Figure 2 ). 360
Topology A had a significantly best fit for 32 UCEs according to the GGI approach (p-value 361 of the AU-test < 0.05). 362
Spearman's rank correlation tests showed a significant negative correlation between GC 363 content of the UCEs (Table S3 ) and the average support of individual gene trees ( Figure S6) . 364
There was a higher difference between observed base composition and that predicted under 365 the substitution model for GC-rich UCEs. The alpha parameter of the Gamma distribution 366 was positively correlated with the number of sites informative for the parsimony (i.e. UCEs 367 with more homogeneous rates among sites are more informative) and the average support of 368 individual gene trees. LB score heterogeneity (Table S3) However, the dendrogram did not show obvious evidence to suspect that the position of 378
Cratocentrinae as sister to the other Chalcididae in the topology A could result from an LBA 379 artefact. In the dendrogram built from GC content (Table S4 , Figure S7B ), outgroups were 380 not monophyletic and the Haltichellinae split into two groups. One of the subgroups shared 381 similar properties as a few species of Chalcidini and Phasgonophorini. 382
Outgroup removal did not result in a shift of position for Cratocentrinae and the GHOST tree 383 that accounts for heterotachous evolution was identical to other ML trees (Appendix S3). 384
Joint analyses (GGI+UCE properties) revealed that heterogeneities of LB scores were not 385 significantly different among the UCEs that supported either topology ( Figure 2B -C). On the 386 contrary, UCEs supporting topology C (with p-values significant or not) had a significantly 387 lower GC content ( Figure 2B ). Furthermore, the 32 UCEs that significantly supported 388 topology A had a significantly higher GC content ( Figure 2C ). 389
These results suggest that GC content may bias the results towards topology A. To test this 390 hypothesis, data subsets were constructed by incrementally removing the most biased UCEs 391 and nucleotide sites (Tables 2&3). To keep computation time reasonable, ML analyses were  392 performed only with RAxML without partitioning. Indeed, all other approaches /models 393 /softwares infer the same topology from the complete data set and are certainly subject to the 394 same bias, if any. While ASTRAL and ASTRID inferred the same topology whatever the data 395 subset analyzed, RAxML inferred topology C instead of topology A when UCEs with GC 396 content > 0.48 (i.e. 28% of the UCEs) were removed from the data set (Table 2 , Appendix 397 S3). However, as already observed with the complete data set, bootstrap support for position 398 require advanced skills or the use of an expensive robotic molecular biology platform. A 448 software with a detailed tutorial (Faircloth 2016) exists for the easy analysis of raw data. 449
Three situations can be distinguished in our study that may be encountered in other groups. 450
First, when morphology is informative enough to circumscribe taxa and establish 451 relationships, UCEs and morphology converge to the same results. Second, when morphology 452 is not informative enough or misleading, UCEs are helpful to circumscribe taxa (e.g. genera 453 or tribes) and clarify relationships within taxa. Additional studies of the morphology can then 454 be performed and help discern characters that support the taxa. In summary, UCEs help to 455 enable attainment of resolution between ancestry, convergent evolution or divergent 456 evolution. We confirm that UCEs can be captured from museum specimens (Blaimer et al. 
Resolving conflicts among methodological approaches 464
While there is a global agreement between morphology and molecules on the one hand, and 465 between the different UCE analytical approaches on the other hand, there are a few conflicts 466 that we discuss below. 467
First, there are unsupported conflicts between concatenation and gene tree reconciliation 468 approaches for the position of taxa with a high level of missing UCEs (>90% e.g Hastius 469 Schmitz, Solenochalcidia Steffan, Pseudeniaca Masi). The impact of missing data on 470 phylogenetic inference has been widely discussed but no consensus has been reached. Figure S6 ). Thus, the first hypothesis we explored was that the position of Cratocentrinae as 488 sister to all other chalcidids in the ML tree resulted from an LBA artefact. Indeed, 489 supermatrix approaches are more sensitive to LBA which, in addition, tend to be reinforced as 490 more and more markers are considered (Boussau et al. 2014 ). However, hierarchical 491 clustering of taxa properties ( Figure S7 ), analysis with complex models that considers 492 heterotachous evolution (GHOST, Appendix S3), outgroup removal analysis (Appendix S3) 493 and the non-significant difference of scores of LB heterogeneity among UCEs that support 494 topology A and other UCEs (Figure 2) , show that LBA should be excluded. Sampling used in 495 this study could certainly be improved but is representative of the group. More importantly, of loss and reacquisition implied by the ASTRAL tree seems unlikely. 500
On the other hand, our results suggest that the position of Chalcidini as sister to Haltichellinae 501 in the ML trees, could result from a GC content bias. Indeed, in the morphological analysis, 502
Chalcidini was never recovered sister to Haltichellinae. Besides, Chalcidini does not share 503 any uniquely derived characters with Haltichellinae (Figure 3 Oecophylla is also on a long branch and its putative relationships might therefore be 584 artefactual (Ward et al. 2016 ). The highly specialized interaction Smicromorpha-Oecophylla 585 and the numerous extinct lineages may explain the long branches and the difficulties 586 encountered in correctly placing these taxa in the phylogenies. Morphological data support a 587 sister taxa relationship between Smicromorpha, Dirhininae and Epitraninae but this clade is 588 not recovered in the UCE tree. A close relationship between Epitraninae and Smicromorpha 589 could be hypothesized based on UCEs and morphology /behavioral data (Appendix S5, 590 Figure 4 ). Further studies are required to clarify the position of Smicromorpha in the chalcidid 591 phylogenetic tree. The addition of more species of Smicromorpha and the inclusion of an 592 undescribed genus, the probable sister taxon of Smicromorpha in the Afrotropical region, that 593 we unfortunately failed to sequence due to poor specimen preservation, may improve the inferred from genome-scale data are usually highly supported which is often wrongly 624 confused with accuracy, and falsely reinforces confidence in molecular results. Several 625 authors have strongly advocated a systematic exploration of biases with different analytical 626 methods. Indeed, this exploration may highlight better, alternative topologies that would not 627 be revealed by a point and click approach. However, such studies are scarce, especially when 628 data sets are composed of hundreds of taxa and genes, which makes computation time 629 prohibitive and not compatible with the current publish or perish system. A thorough 630 exploration of phylogenetic tree space may nevertheless reveal alternative hypotheses that are 631 difficult to rank without independent sources of evidence. Our study highlights the power of a Chalcidini with Haltichellinae is supported by moderate BP support (<80) and low SH-aLRT 959 /UFBoot supports (<80/<95). Other nodes are highly supported. 960 Topology B is observed when the complete data set is analyzed with ASTRAL. All nodes are 961 highly supported (localPP=1.0). Topology B is also inferred when mid-point rooting instead 962 of outgroup rooting is used to root the trees obtained with the concatenation approaches. 963
Topology C is observed when the complete data set is analyzed with ASTRID. However, the 964 node grouping Chalcidini with Dirhininae-Smicromorphinae-Epitraninae-Brachymeriini-965
Phasgonophorini is poorly supported (BP=32). Topology C is also observed in about 20% of 966 the bootstrap trees obtained with the concatenation approaches. Topology C is inferred with 967 concatenation approaches when UCEs (resp. nucleotides) with GC content strictly superior to is observed when the set of input gene trees for the ASTRAL analysis is reduced to trees for 972 which ingroups are monophyletic Nota: Current higher classification is used to annotate the 973 trees. For brevity, we will refer to the clade grouping Brachymeriini + Dirhininae + 974
Epitraninae + Phasgonophorini + Smicromorphinae as the "BDEPS" clade throughout text. Inferred Topology ASTRID Inferred Topology RAxML
